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(57) Abstract 

A chu-ged particle ^alyser comprising a source of charged particles and a charged particle detector spaced from the source and 
immersed with the source in ati ionisable gas. The detector comprises at least one pair of electrodes which are spaced apart by a distance 
that is substantially less than the spacing between the source and detector. The electrodes of the pair are maintained at different potentials 
selected such that charged particles emitted by the source are attracted towards the detector and such that charged particles adjacent the 
detector are accelerated to energies sufficient to ionise the gas. The charge collected at the detector is proportional to the number of charged 
particles emitted by the source. 
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Charged Particle Analysis 

This invention relates to an apparatus and method for analysing charged 
panicles. 

Measurement of electron yield is a known technique which is used to study the 
response of material surfaces to interactions witli beams of high energy photons such 
as X-rays. Exposing a surface of a material to X-rays of varying energies, and 
measuring the number and energy of electrons emitted from the surface, makes it 
possible to analyse the chemical characlerisiics ofthe surface in detail 

A known method of measuring cIccinMi yield involves placing a siunple in a 
high vacuum environment exposing ihc sample lo a beam of X-rays, and detecting a 
total electron yield current at a colleciinn plate. The sample is held ai a negative 
voltage relative to the collection plate to pnuniHc the drift of electrons from the 
sample to the collection plate. A variation of this method is lo use a gas filled ion 
chamber, where the electron yield is measured indirectly as part of a total current from 
the sample. There is no overall gain emplo\ ed in either of these methods, and the 
currents measured should correspond exactly to the number of electrons which leave 
the sample. These currents are small and are consequently prone to distortion by 
'pick-up' and Meakage' in the local environment. A method of obtaining noise free or 
close to noise free gain of the current of electrons emitted from the sample surface 
would significantly enhance the sensiiisiiy ofthe electron yield measurement. 

One approach to providing an increased sensitivity of electron yield has been 
to hold the sample in a high vacuum environment, and use an electron multiplier (such 
as a microchannel plate). However, useful samples are not ideal for high vacuum 
systems and a method of measurement which could operate at atmospheric pressure 
would be much more useful. The possibility of obtaining chemical reactions on the 
surface ofthe sample must also be considered. To this end, an alternative approach to 
measuring electron yield has been devised, wherein a sample and detector are 
surrounded with a gas mixture. The gas mixture is chosen such that, under the 
appropriate conditions, an electron emitted from the sample surface will ionise gas 
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molecules, thereby forming an electron cloud in the gas. The number of electrons in 
this cloud will be equal, within statistical limits, lo the energy of the initial electron 
divided by the ionisation energy of the gas. 

The electron cloud is subsequently accelerated along a radial field radiating 
from a wire anode. The electrons accelerate until they acquire sufficient energy to 
cause further ionisation of the gas molecules, thereby creating more electrons, which 
are accelerated and ionise further electrons, in what is known as an avalanche effect. 
The strength of the field at the wire is limited so that the number of electrons 
produced by the ionisation is proportional to the number of electrons in the cloud 
formed at the surface of the sample. 

Since only a single wire is used to detect electrons, the detection system is 
only capable of measuring the total number of electrons arriving at the wire in an\ 
given lime interval, and dues not provide any .spatial information. More specifically, 
the wire detection system does not allow a user lo determine Irom what position on 
the surface of a sample electrons have been emitted. 

It is an object of the present invention to overcome or substantially mitigate 
the above disadvantages. 

According to the invention there is provided a charged particle analyser 
comprising a source of charged particles and a charged panicle detector spaced from 
the source and immersed with the source in an ionisable gas. wherein the detector 
comprises at least one pair of electrodes which are spaced apart by a distance that is 
substantially less than the spacing between the source and detector, and the electrodes 
of the pair are maintained at different potentials selected such that charged particles 
emitted by the source are attracted towards the detector and such that charged particles 
adjacent the detector are accelerated to energies sufficient to ionise the gas. 

Preferably, the source is a sample and means are provided for exposing the 
sample to a beam of radiation the energy of which is sufficient to cause charged 
particles to be emitted from the sample. The exposing means may comprise an X-ray 
source. The sample may define a surface which is substantially planar and the beam 
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may be directed towards the sample in a direction inclined lo a normal to the sample 
surface. The beam may be directed at a glancing angle relatix c to the sample surface. 

Suitably, the energy beam is monoenergetic and the energy of the beam is 
varied with time to provide analysis over a range of energies 

Suitably, the energy of the beam is non-uniform sucii that the incident energy 
varies across an area of the sample irradiated by the beam, and the electrodes are 
positioned to receive charged particles from diflferenl portions of that area, the 
incident energy varying between said portions. 

The electrodes are preferably defined by parallel strips of conductive material 
mounted on an semiconducting substrate. The electrodes of ihc pair may be located 
so as to be substantially equidistant from the source. 

The invention also provides a method for analysing clnii ucd particles emitted 
by a source, wherein the source and a charged particle dclcclor arc immersed in an 
ionisable gas, the detector is provided with electrodes spaced apart by a distance 
substantially less than the distance between the source and the dcicctor, and different 
potentials are applied to the electrodes, the potentials being sclccicd such that charged 
particles emitted by the source are attracted towards the detector and such that charged 
particles adjacent the detector are accelerated to energies sufricieni to ionise the gas. 

Specific embodiments of the present invention will now he described by way 
of example only with reference to the accompanying drawings, in which: 

Figure 1 is a schematic perspective view of a charged particle analyser 
according to a first embodiment of the invention; 

Figure 2 is a schematic view of a detector incorporated in tlie analyser of 
Figure 1 ; and 

Figure 3 is a schematic perspective view of a second embodiment of the 
invention. 

Referring to Figure I, a sample 1 is positioned on a planar ba.se 2. A detector 
3 is provided directly above the sample I and the base 2. The detector 3 is planar, and 
lies in a plane which is parallel to the plane of the sample 1 and the base 2. 
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The detector 3, shown in more detail in Figure 2. comprises a series of parallel 
electrodes 4 deposited onto a semiconducting glass plate 5. Alternate electrodes 4 on 
the microstrip are held at positive and negative relative voltages, to provide a pattern 
of anodes and cathodes. The electrodes 4 are each of equal width, and lithographic 
techniques may be used to produce electrodes 4 as little as 10 microns wide. Each 
electrode is connected to a detection circuit 6 which monitors the electrical signal 
from that electrode 4. 

The base 2 and sample 1. shown in Figure 1, are held at a amstant potential 
w hich is more negative than the potential of the negative electrodes 4 of the detector 
-■5. so that all of the electrodes 4 of the detector 3 are at a positive potcnlial relative to 
the base I and sample 2. 

The sample I and detector 3 arc licit! in ii sealed chamber (n{»t shtiwn) which is 
lillcd with gas which is predominantly Helium. The gas may al.so contain a 
quenching gas such as Isobutane. typically at a level of around 10 per cent, which 
acts to stop continuous electrical breakdown in the atmosphere. 

In use. X-rays are generated using a synchrotron or other means (not shown), 
and X-rays with a desired energy are .selected from the synchrotron and directed as a 
beam 7 onto the surface of the sample 1. fhe X-rays approach the sample 1 from a 
direction which is perpendicular to the orientation of the electrodes 4 on the detector 
3. The angle formed between the beam of X-rays 4 and the surface of the sample 1 is 
small, so that the X-rays impinge on the surface of the sample 1 at a glancing angle, 
■fhe area on the surface of the sample I onto which the X-rays impinge is varied by 
changing the angle between the X-rays and the sample I. The X-rays have little 
interaction with the predominantly Helium gas, and variation of the angle of the X- 
rays in this way does not lead to spurious results. 

Electrons at the surface of the sample I acquire energy from the X-ray beam 7. 
and are emitted from the sample 1 . In a first preferred arrangement, the energy of the 
X-rays is chosen to be just greater than the energy needed to cause emission of the 
electrons, so that once emitted the electrons have a limited amount of kinetic energy, 
and will not tend to drift far from the position at which they left the surface of the 
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sample 1. The energy of the emitted electrons and the electric field from the dolector 
3 close to the sample 1 is not sufficient for the electrons to cause ionisation ol the gas 
close to the sample 1 surface. 

In a second preferred arrangement, the energy of the X-rays is chosen to be 
sufficient that electrons emitted from the sample 1 cause limited ionisation ol ihc gas. 
leading to the formation of localised clouds of electrons cU the surface of the sample I . 
Each cloud of electrons is proportional in number of electrons to the energ\ ol* an 
electron ejected from the surface of the sample 1. 

In a third preferred arrangement, the density of the gas is chosen to be low so 
that ionisation interactions with the gas are spread throughout the gas as the electrons 
travel towards the microsirip detector 3. 

la general, the pressure of tiic gas. the voUagc gradient through which ihc 
electrons pass, and the initial kinetic energy of the electrons determine whclhcr the 
initial interactions of electrons with the gas are close to the surface of the sample I or 
spread throughout the gas as the electrons travel towards the detector .1, I he pressure 
of the gas and the voltage maintained at the detector 3 may be optimised to measure 
position or energy resolution of an electron emitted from the sample 1 . 

The positive voltage of the sample 1 and base 2. relative to the deiecior 3. 
causes each electron cloud to drift towards the detector 3 (the drifting electrons are 
shown as 8 in Figure 1). Information relating to the position at which the electrons 
were emitted from the sample I is retained during drift of the electron cloud since the 
direction of drift is perpendicular to the surface of the sample 1, and the electrons do 
not have sufficient kinetic energy to deviate significantly from a position directly 
above the point from which they were emitted. 

The pattern of parallel anodes and cathodes 4 provided on the detector 3 does 
not affect the drift of the electron cloud until it is immediately adjacent the detector 3. 
This is because the electric field produced as a consequence of the close proximity of 
the anodes and cathodes 4 on the detector 3 is very localised. As the electrons 
approach the detector 3, they are accelei-ated towards the anodes by the localised 
electric field, whose intensity increases rapidly adjacent the detector 3. The 
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acceleration of the electrons provides them with sufficient energy to ionise the gas in 
the chamber, producing more electrons which themselves cause further ionisation. In 
this way, the electrons emitted from the sample 1 produce an avalanche of electrons 
from the gas adjacent the detector 3. The generation of an avalanche of electrons is 
useful because ii increases the electrical signal produced at the detector 3 to a level 
which may be accurately measured. Tlie gain in signal produced by the avalanche is 
controlled to ensure that the final number of electrons delected is proportional to the 
initial number of electrons emitted from the sample 1. 

Localising the avalanche of electrons in a region immediately adjacent the 
detector 3 is adNanlageous because the electrons produced hy ionisation of the gas 
remain localised, and spatial information relating to the cicclrons emitted from the 
sample 1 is retained. The spatial information referred to is simply the position at 
which electrons uere emitted from the sample relative to a iVonl and a back end of the 
sample 1. 

l lic (Voni and back ends ol'ihe sample 1 i\\v defmed as being the ends of the 
sample 1 which are nearest and furthest respectively Irom the origin of the X-ra\ 
beam 7. f hc relative strength of the signals received from each of the electrodes 4 on 
the detector 3 is used to identify the point at which the X-ray beam 7 interacted with 
the surface of the sample I . 

The energy of the X-ray beam 7 incident on the sample I may be chosen to be 
considerably greater than the energy needed to emit electrons from the sample I. II 
so, electrons produced from the sample I will retain considerable energy after 
liberation, and will cause ionisation of the atmosphere above the sample 1 . A cloud of 
electrons 8 whose number is derived from the excess energy of the X-ray beam 7 will 
be formed, and will drift towards the detector 3 as described above. This mode of 
operation substantially limits the spatial information relating to electrons which were 
emitted from the surface of the sample 1 , 

An alternative mode of operation of the invention, depicted schematically in 
Figure 3, allows the simultaneous measurement of the response of a sample 1 to X- 
rays at different energies. In this mode of operation, rather than using X-rays with a 
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narrow energy band, a broader band of energies is used (for example 8 keV to 9 keV). 
The selected X-rays are directed through a silicone crystal (not shown), which refracts 
the X-rays through an angle determined by their energy, to produce a fan of X-rays 9 
at different energies. The orientation of the X-ray fan 9 is such that the energy of the 
X-rays incident on the sample I is greatest at one end 10 of the sample 1, and 
decreases linearly to a minimum at the opposite end 1 1 of the sample I . 

The energy of the X-ray fan 9 may be chosen so that emitted electrons have 
insufficient energy to cause ionisation of the gas close to the surface of the sample L 
Alternatively, the X-rays may be chosen to be sufFicienlly energetic that electrons 
emitted from the surface of the sample 1 will have some limited energy, and will form 
a localised electron cloud adjaceni the positions on the sample I from which they 
were ejected. The electron cloud will have a total charge which is proportional to the 
energy of the ejected electron. 

Tlie localised electron cloud will be attracted to the detector .1 as described 
above, and will cause localised avalanches of electrons adjacent the electrodes 4 of the 
detector 3. Measurement of the electrical signal at each of the anodes 4 of the detector 
3 will allow the calculation of the number of electrons produced at different positions 
on the surface of the sample, and will therefore provide a measurement of the 
response of different parts o I surface of the sample 1 to different energies of X-rays. 
This mode of operation is most advantageous since it allows an X-ray absorption 
profile of a sample I over a range of X-ray energies to be determined in a single 
'parallel' measurement, with consequent savings in experimental time and the 
elimination of experimental errors caused by variations over time of equipment 
settings. 

The strength of the electric field adjacent the detector 3 is detemiined by the 
potentials applied to the anodes and cathodes 4 of the detector 3, and also by the 
distance between them. Reducing the spacing between the anodes and cathodes will 
increase the gradient of the electric field adjacent the detector 3, and the applied 
potential needed to produce a desired acceleration of electrons will be correspondingly 
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reduced. Increasing the density ordcctrodes 4 on the detector 3 will also increase the 
spatial resolution of the detector 3. 

Although the above enihodiinents refer solely to the detection of electrons, it 
should be understood that the invention may be used for the detection of other 
positively or negatively charged particles. 

The use of a predominantly Helium gas, as described above, is advantageous 
since X-rays that are scattered liom the sample 1. and emitted from deep within the 
sample 1. have very little interaction with the Helium gas. These X-rays are not seen 
by the detector, and therelbro dc. not swamp the detector with information about 
structure deep within the sample. TIuls. the system is essentially X-iiiy blind, and the 
sensitivity of the surface elcctr.>n detection is not compromised. 
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Claims 



1. A charged particle analyser comprising a source of charged particles and a 
charged particle detector spaced from tiie source and immersed with the source in an 
ionisable gas, wherein tlie detector comprises at least one pair of electrodes which are 
spaced apart by a distance that is substantially less than the spacing between the 
source and detector, and the electrodes of the pair are maintained at different 
potentials selected such that charged particles emitted by the source are attracted 
towards the detector and such that charged particles adjacenl the detector are 
accelerated to energies sufficient to ionise the gas. 

2. All analyser according to claim I. wherein the source is a sample and means 
arc provided for exposing the sample to a beam of radiation the energy of which is 
sufficient to cause charged particles to be emitted from the sample. 

3. An analyser according to claim .1. wherein the exposing mean.s comprises an 
X-ray source. 

4. An analyser according to claim 2 or .1. wherein the sample defmes a surface 
which is substantially planar and the beam is directed towards the sample in a 
direction inclined to a normal to the sample surface. 

5. An analyser according to claim 4. wherein the beam is directed at a glancing 
angle relative to the sample surface. 



6. An analyser according to claim 4 or 5, wherein the energy of the beam is non- 
uniform such that the incident energy varies across an area of the sample irradiated by 
the beam, and the electrodes are positioned to receive charged particles from different 
portions of that area, the incident energy varying between said portions. 
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7. An analyser according to claim 4 or 5, wherein the energy of the beam is 
uniform. 

8. An analyser according to any preceding claim, wherein the electrodes are 
defined by parallel strips of conductive mutcriai mounted on a semiconducting 
substrate. 

9. An analyser according to any preceding claim, wherein the electrodes of the 
pair are located so as to be substantially cquitiislanl IVoni the source. 

10. A method for analysing charged purliclcs oniilicd by a source, wherein the 
source and a charged particle detector arc immersed in im ionisable gas. the detector is 
provided with electrodes spaced apart by ii distance substantially less than the distance 
between the source and the detector, and dilTcrcnt potentials are applied to the 
electrodes, the potentials being selected such thai charged particles emitted by the 
source are attracted towards the detector and such that charged particles adjacent the 
detector are accelerated to energies sufficieni lo ionise the gas. 

11. A charged particle analyser subslanlially as hereinbefore described with 
reference to the accompanying drawings. 

12. A method for analysing charged panicles substantially as hereinbefore 
described with reference to the accompanying drawings. 
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